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SUMMARY Any echocardiographic study of two children with hypothyroidism demonstrated the
presence of asymmetric septal hypertrophy. One child died aged 11 months, and pronounced
thickening of the interventricular septum was confirmed at necropsy. There was also hypertrophy
of the left ventricular free wall. Histological examination showed only slight muscle fibre disarray,
but there was striking vacuolation and hypertrophy of muscle fibres. In the second case, a child
aged five years, the asymmetric septal hypertrophy disappeared after 18 months' treatment with
L-thyroxine. Furthermore, other indices of myocardial function also returned to normal. The
mechanism producing asymmetric septal hypertrophy in hypothyroidism is unknown. These are

the youngest cases in which this association has been reported.

Pericardial effusions and pronounced abnormalities
in left ventricular function have been demonstrated
in hypothyroid adults by echocardiography.2 Fur-
thermore, Santos etal have described patterns of
asymmetric thickening or hypertrophy of the inter-
ventricular septum and other features compatible
with hypertrophic obstructive cardiomyopathy in
adults with long standing hypothyroidism.3 These
abnormalities were reversed after treatment with
thyroid hormone. In the first reported echo-
cardiographic study of 15 hypothyroid children,
Hayford etal found no appreciable abnormality in
cardiac chamber or myocardial dimensions, systolic
time intervals, or indices of myocardial contractility
compared with a normal population.4 Both Nose
et al and Farooki et al, however, found prolonged
systolic time intervals in children with primary hy-
pothyroidism, and these indices became normal with
treatment.56 Finally, in a recent study of 12 babies
with congenital hypothyroidism, left ventricular
systolic and diastolic dimensions, posterior wall
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thickness, and end diastolic and systolic volumes
were all lower than normal.7
We describe two children with hypothyroidism

who had echocardiographic features of asymmetric
septal hypertrophy. As far as we are aware they are
the youngest patients in whom this abnormality has
been reported. Asymmetric septal hypertrophy was
confirmed at necropsy in one infant. In the surviving
patient the abnormality had disappeared 18 months
after the start of thyroid treatment.

Case reports

CASE 1
An 11 month old female infant (weight 5 6 kg, length
60 cm, below 3rd percentile) was admitted to hospi-
tal because of constipation, lethargy, and poor feed-
ing. She was the second child of normal unrelated
parents and had been delivered vaginally at another
hospital after an uneventful pregnancy. She had all
the clinical features of severe myxoedema including
a large tongue, distended abdomen, and dry scaly
skin. She cried poorly, had never smiled, and had
never attempted to sit. The heart rate was 88 beats
per minute and all the pulses were palpable. On aus-
cultation of the heart, a grade 2/6 high-pitched ejec-
tion systolic murmur was heard loudest at the third
and fourth left intercostal spaces. The liver edge was
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Table 1 Thyroidfunction studies

Case I Case 2

Before After 3 months Normal
treatment of L-thyroxine values

Triiodothyronine uptake (°/) 26 22 30-40
Total thyroxine (nmolIA) 14 19 60-150
T7 index 4 0-33 17-60
Free thyroxine index 1 0-2 5-12
Total triiodothyronine (nmol/l) 1-6 0-8-3-5
Free thyroxine (pmol/l) 22-2 10-25
Thyroid stimulating hormone

(PIU/ml) 70 5 44-8 2-9 1-5-8

palpable 4 cm below the right costal margin. The hypertrophy of the interventricular septum with a
lungs were clinically normal. The haemoglobin con- ventricular septal left ventricular posterior wall ratio
centration was 8 1 g/dl. of 2:1, and a septal thickness of 10 mm (Table 2).
Bone age was appreciably less than normal with Systolic anterior motion of the mitral valve was seen.

no epiphyses in the humeral heads or the carpal There was also evidence of a pericardial effusion
bones. A chest x ray examination showed a cardio- (Fig. 1). Aortic valve motion was normal.
thoracic ratio of 0 6 in a hyperinflated chest. The L-thyroxine (0-025 mg daily) was started on the
vascularity of the lungs was normal. The electro- day after admission. Nasogastric tube feeds were
cardiogram showed a mean frontal QRS axis of started. She collapsed suddenly 24 hours later and
+ 900 and voltages were generally low. A positive had a cardiorespiratory arrest. Resuscitation was un-
"mosque" sign8 was present in the right precordial successful.
leads (rounded symmetrical T waves), while the left Necropsy findings A small fibrosed thyroid gla,nd
precordial leads showed inverted T waves. Thyroid was present in the usual position. Microscopically
function tests (Table 1) confirmed the diagnosis of this gland consisted mainly of fibrous tissue with a
hypothyroidism. few haphazardly interspersed small follicles. The
The M mode echocardiogram showed asymmetric pericardial sac contained 50 ml of clear straw col-

Table 2 Echocardiographic measurements (M mode)

Case I Case 2

Before After 6 months After 18 months
treatment of L-thyroxine of L-thyroxine

Heart rate (beats/min) 130 88 115 100
Interventricular septum (mm) 10 8 6-5 5-5

(3-7) (4-8) (4-8) (4-8)
LVPW (mm) 5 5 5 5

(2-5-6-5) (3-5-7-5) (3-5-7-5) (35-75)
Septal:LVPW 2-0 1-6 1-3 1.1

(< 1-3) (< 1-3) (< 1-3) (< 1-3)
LVPEP(ms) 75 111 62 70

(47-79) (60-91) (52-83) (56-87)
LVET (ms) 205 240 228 260

(171-257) (231-318) (191-278) (21 1-298)
LVPEP/LVET 0 36 0-46 0-27 0 27

(0 29-0 39) (0 29-0 39) (0 29-0-39) (0 29-0-39)
LVSF (0/%) 59 65 52 35

(24-46) (24-46) (24-46) (24-46)
VCF (circ/s) (mean (SE)) 2-8 2-7 2-26 1 35

(1-34 (0 03)) (1-34 (0 03)) (1-34 (0 03)) (1-35 (0-03))
Isovolumic contraction period - 61 20 25
(mean (SD) (ms)) (33 (7)) (33 (7)) (33 (7))

LVWP, left ventricular posterior wall; LVPEP, left ventricular pre-ejection period; LVET, left ventricular ejection time; LVSF, left
ventricular shortening fraction; VCF, velocity of circumferential fibre shortening.
Numbers in parentheses are normal values from Latson and Gutgesell,9 with the exception of VCF and isovolumic contraction period
which are from Goldberg et al'° and Meyer"1 respectively.
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I ! ! ! of short stature. She had a history of constipation.
The child was pale and had been investigated for

l \ t I X _ anaemia at 1 year of age. She weighed 13 kg and she
was 88-5 cm tall (3rd percentile). Her heart rate was
82 beats per min. She had a sallow and dry skin and

- - - t t - ~ - looked myxoedematous. There was hypertelorism
and a flattened bridge to her nose. The thyroid gland
was not palpable. The heart and chest were normal.

:* -4- Her abdomen protruded and she was very consti-
pated. No visceromegaly was noted. Tendon reflexes
were all present and equal but there was pronounced

V slowing of the recovery phase. Chest x ray exam-
ination showed a heart of normal size and clear lung

- fields. The electrocardiogram showed a frontal QRS
axis of + 1500; a positive "mosque" sign, and rather
flattened ST-T wave segments. Thyroid function
tests confirmed hypothyroidism (see Table 1). The
serum cholesterol concentration was 12 03 mmol/l

Fig. 1 M mode echocardiogram in case 1 showing (normal 3.12-6.76 mmol/l) and microsomal anti-
pronounced thickening of the interventricular septum (IVS), bodies 1:400. Bone age was 18 months on radio-
systolic anterior motion of the mitral valve (straight arrow),
and a pericardial effusion (curved arrow).

oured fluid. The heart weighed 66 g (normal (SD) 44
(8) g). This increase in weight was caused by gross
asymmetric hypertrophy of the interventricular sep-
tum (thickness 10 mm) which merged gradually
with thickened left ventricular walls. The septal
muscle bulged into the outflow tract of the left ven-
tricle, and the ventricular cavity was small and dis-
torted (Fig. 2). The papillary muscles were large
with rounded tips. There was a band of endocardial
thickening beneath the aortic valve. The right ven-
tricular wall was only 2 mm thick. Elsewhere in the
heart the endocardium was normal. The septum
bulged slightly into the right ventricular outflow
tract but the free wall of the right ventricle was not
affected. The heart valves and coronary arteries were
normal.
The microscopic abnormalities were most pro-

nounced in the interventricular septum. The muscle
fibres were moderately hypertrophied and there was
focal interstitial fibrosis. There were occasional focal K
areas that showed shortening and abnormal inter-
digitations of the fibres (Fig. 3a). Thus there was
evidence of slight muscle fibre disarray. There was,
however, extensive vascuolation of the muscle fibres 4 ;
and there were foci of tissue in both anterior and
posterior left ventricular walls showing this abnor-
mality (Fig. 3b). The abnormal areas were mingled
closely with areas of tissue with normal histological
appearance. No inflammatory reaction was present
and stains for mucopolysaccharides were negative. Fig. 2 Morphological appearance of left ventricle (opened)in case I showing pronounced hypertrophy of the

interventricular septum and a thickened left ventricular wall.
CASE 2 Probe is under the posterior leaflet of the mitral valve. Apex
A five year old girl was admitted to hospital because of the left ventricle has been cut in cross section.
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Fig 3 Photomicrographs in case 1 of (a) interventricular
septal myocardium showing abnormal arrangement of muscle
fibres (haematoxylin and eosin x 132 (original
magnification). (b) Myocardium from interventricular
septum showing extensive intracytoplasmic vacuolation.
(Haematoxylin and eosin x 532) (original magnification).

logical assessment. The haemoglobin concentration
was 10-4 g/dl.
An M mode echocardiogram (Fig. 4) showed a

disproportionately thickened septum with a septum
to posterior wall ratio of 1 6:1. The septum was 8
mm thick (normal mean 6 mm; range 4-8 mm).
There was pronounced hypercontractility of the left
ventricle with a shortening fraction of 0-65 and a
velocity of circumferential fibre shortening of 2-7
circ/s. On the other hand, the left ventricular sys-
tolic time interval was prolonged that is the ratio of
the pre-ejection period to ejection time was in-
creased.9 - GCross sectional echocardiography
confirmed the presence of asymmetric septal hyper-
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trophy. There was no systolic anterior motion of the
mitral valve, no abnormalities of aortic valve motion,
and no pericardial effusion.

Initially a dose of 0 05 mg L-thyroxine was given,
and this was later increased to 0-1 mg daily. Thyroid
function had become normal three months after the
start of treatment (Table 1).
A repeat echocardiogram after six months' treat-

ment showed that the septal to posterior wall ratio
had fallen to 1-2:1 (to within normal limits) and the
septal thickness was now within one standard devi-
ation of the normal mean. There was still hyper-
dynamic ventricular contractility, however, with a
shortening fraction of 0-52 and a velocity of circum-
ferential fibre shortening of 2-26 circ/s. These values
and the left ventricular systolic time intervals be-
came normal 18 months after the start of treatment
(Table 2).

Discussion

The two cases we describe suggest that hypo-
thyroidism may be associated with asymmetric sep-
tal hypertrophy. Until the recent report by Farooki
et al we believed them to be the first cases to be
described in children.6 Their two patients with
asymmetric septal hypertrophy and hypothyroidism
were much older than ours (8 1/2 and 10 years). Our
findings and theirs accord with those of Santos et al
who reported similar features in adults.3 The fact
that Hayford et al did not demonstrate cardio-
myopathy in children may be related to the duration
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Fig 4 M mode echocardiogram in case 2 showing thickened
interventricular septum (straight arrows) compared with the
left ventricular posterior wall (PW). Mitral valve motion is
normal.
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of the hypothyroidism before cardiac function was
studied.4 Of their four cases with congenital hypo-
thyroidism, three were less than 6 months of age,
while the fourth was 1 year old. Our first case had
clearly been hypothyroid from birth (11 months)
and in the second case hypothyroidism may also
have been present from, or shortly after, birth.
Another interesting echocardiographic finding in

our surviving patient was that despite the rapid ve-
locity of circumferential fibre shortening there was a
prolonged left ventricular systolic time interval
which shortened with thyroxine treatment. This ac-
cords with the reports ofNose et al and Farooki et al,
who also noted prolonged left ventricular systolic
time intervals in their hypothyroidic children that
reversed with treatment.56

Pericardial effusion, which was present in the pa-
tient who died, is a recognised feature in hypo-
thyroidism in both adults and children.'46 But there
were no specific microscopic changes warranting a
diagnosis of myxoedematous heart disease.'2 Vacu-
olation of muscle fibres, which was the most pro-
nounced histological abnormality noted in our
patient, has been reported in adults dying of hypo-
thyroidism.'2 The following microscopic abnormal-
ities are generally considered to be those that are
most typical of hypertrophic obstructive
cardiomyopathy-short runs of fibres interrupted
by connective tissue, large bizarre nuclei, fibrosis,
degenerating muscle with disappearing myofibrils,
and disorganised "whorling" muscle (muscle fibre
disarray).'314 None of these abnormalities was
readily seen in our first case. Thus it is unlikely that
the asymmetric septal hypertrophy in this infant can
be attributed to an intrinsic hypertrophic obstruc-
tive cardiomyopathy. Nevertheless, the findings of
systolic anterior motion of the mitral valve on the
echocardiogram and of a band of endocardial thick-
ening beneath the aortic valve at necropsy provide
evidence that the patient did indeed have dynamic
subaortic stenosis. This might also explain the ori-
gin of the high pitched ejection systolic murmur in
this child.
Both hyperthyroidism and hypothyroidism may

result in asymmetric septal hypertrophy of the inter-
ventricular septum. In the early 1970s three cases of
hypertrophic cardiomyopathy and hyperthyroidism
were described,'5 and it was postulated that hyper-
thyroidism might act as a stimulus to produce exces-
sive cardiac hypertrophy. Olsen etal administered
triiodoacetic acid (Triac), a thyroxine analogue, to
pregnant rats and induced electronmicroscopic
changes typical of hypertrophic cardiomyopathy in
the fetal but not in the maternal heart. 16 The mech-
anism of action of Triac was not known. As result of
these studies it was suggested that thyroid function

should be assessed in patients with obscure forms of
cardiac disease. Thyroid disease has been detected
in 13% of 31 patients with hypertrophic obstructive
cardiomyopathy. " Recently, in vitro experiments
with triiodothyronine on isolated fetal mouse hearts
in organ culture have been carried out. It was con-
cluded that thyroid hormone directly stimulates car-
diac protein synthesis and thus causes cardiac
hypertrophy in the absence of major haemodynamic
alterations.' 8

Paradoxically, Santos et al found asymmetric sep-
tal hypertrophy (by M mode echocardiography) in
17 of 19 adult patients with untreated hypo-
thyroidism.3 Some of the additional findings were
similar to the echocardiographic features of idio-
pathic hypertrophic subaortic stenosis-for exam-
ple, systolic anterior motion of the mitral valve.
These abnormalities resolved in 10 patients when
they became euthyroid on L-thyroxine treatment.
The mechanism for the production of these changes
is not known.
The findings in our two patients suggest that, as

with adults, asymmetric septal hypertrophy can oc-
cur in some children with hypothyroidism, and that
it may be reversible with treatment. Indeed, this is
borne out by the recent report of Farooki et al who
found asymmetric septal hypertrophy in two of 11
hypothyroid children.6 We therefore recommend
that echocardiography should be carried out rou-
tinely in all babies and children with hypo-
thyroidism, both before and during L-thyroxine
replacement treatment.
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